Background: Whether nonsustained ventricular tachycardia (NSVT) is a marker of
Results: There was no significant difference with regard to age, gender, and NYHA class between the two groups. Left ventricular ejection fraction (LVEF) was 25.6% in the NSVT group and 28.0% in the No NSVT group (P = .046). The rate of appropriate therapy at 24 months was 26.0% and 18.4% in the NSVT and No NSVT groups (P = .22), respectively. Survival free from heart failure death was reduced in the NSVT group, as compared with the No NSVT group, with the rate of 90.2% vs 97.2% at 24 months (P = .030). A multivariate analysis identified a history of NSVT, anemia, and no use of angiotensin-converting enzyme inhibitor (ACEI) or angiotensin-receptor blocker (ARB) as predictors of heart failure death.
Conclusions: NSVT appears to be a surrogate marker of severe heart failure rather than a substrate for subsequent sustained VTAs in patients with CRT-D for primary prevention.
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| INTRODUCTION
The significance of nonsustained ventricular tachycardia (NSVT) in symptomatic heart failure patients had been evaluated in the late 1990s and early 2000s. In the Grupo de Estudio de la Sobrevida en la Insuficiencia Cardiaca en Argentina-Grupo de Estudios Multic entricos en Argentina (GESICA-GEMA) study, amiodarone reduced allcause mortality and sudden cardiac death in patients with severe heart failure independently of the presence of NSVT, whereas NSVT was an independent marker for increased rate of mortality and sudden cardiac death. 1, 2 The increased mortality associated with the presence of NSVT was similar in the ischemic and nonischemic cardiomyopathy. 2 However, the Congestive Heart Failure-Survival Trial of Antiarrhythmic Therapy (CHF-STAT) study showed that NSVT had a trend as an independent predictor of all-cause mortality but not for sudden death in patients with congestive heart failure and ventricular arrhythmias. 3 The Prospective Randomized Milrinone Survival Evaluation (PROMISE) study demonstrated that the presence of NSVT was not a significant predictor of overall mortality or sudden death in patients with moderate-to-severe heart failure (New York Heart Association(NYHA) class III or IV) and a left ventricular ejection fraction (LVEF) of 35% or less. 4 These studies were performed before widespread use of beta-blocker, which can significantly reduce sudden cardiac death. For example, the proportion of patients taking beta-blockers was <10% in the CHF-STAT study and 0% in the PROMISE study. Therefore, the prognostic significance of NSVT in patients with heart failure is ambiguous, and little is known about the clinical implication of NSVT especially in patients receiving contemporary care with guideline-directed medical therapy (GDMT)
including angiotensin-converting enzyme inhibitor (ACEI) or angiotensin-receptor blocker (ARB) and beta-blocker.
The aim of the present study is to evaluate the prognostic significance of NSVT and to examine the relationship between a history of NSVT and implantable cardioverter-defibrillator (ICD) therapy in heart failure patients receiving cardiac resynchronization therapy with a defibrillator (CRT-D) for primary prevention based on data from the Japan Cardiac Device Treatment Registry (JCDTR).
| METHODS

| Study population
The JCDTR was established in 2006 by the Japanese Heart Rhythm Society (JHRS) for a survey of actual conditions in patients undergoing implantation of cardiac implantable electronic devices (ICD/CRT-D/ CRT-P) as described previously. [5] [6] [7] Members of the JHRS are encouraged to register their data under a unified protocol, which was normally approved by each facility. The protocol for this research project has been approved by a suitably constituted Ethics Committee of the institution and it conforms to the provisions of the Declaration of Helsinki. In Hokkaido University Hospital, the protocol was approved on Information regarding presence or absence of NSVT had been registered at the CRT-D implantation in 269 patients (43%). These 269 patients were analyzed in the present study. NSVT was defined as 3 or more consecutive beats arising below the atrioventricular node with a rate of >100 beats/min and lasting <30 seconds.
| Outcomes
The analyzed events were (i) death from any cause, (ii) heart failure death, (iii) sudden cardiac death, (iv) noncardiac death, and (v) appropriate and inappropriate ICD therapies including shock and/or antitachycardiac pacing. The diagnosis of the cause of death was made by attending physicians. The original risk score model comprised 5 clinical factors including (i) NYHA class > II, (ii) AF, (iii) QRS duration >120 ms, (iv) age >70 years, and (v) blood urea nitrogen (BUN) >26 mg/dL. Because BUN was not collected in the JCDTR database, blood creatinine >1.5 mg/dL was used as a risk factor instead of BUN.
| Statistical analysis
Proportion of nonischemic etiology was higher, and LVEF was lower in patients with NSVT than in those without NSVT. Kaplan-Meier estimates of event-free survival in the two groups are shown in Figure 1 . There was an increased trend in the risk of death (P = .074) and a significant increase in the risk of heart failure death (P = .030) in the NSVT group as compared with the No NSVT group ( Figure 1A ,B). The rate of sudden cardiac death and noncardiac death did not differ between the two groups ( Figure 1C,D) .
With regard to the rate of appropriate and inappropriate ICD therapy (shock and/or antitachycardiac pacing), there was no significant difference between the two groups ( Figure 2A ,B).
The variables associated with the risk of heart failure death obtained by univariate models (P < .1) were presence of NSVT (P = .047), hemoglobin (P = .090), use of angiotensin-converting enzyme inhibitor (ACEI) or angiotensin II-receptor blocker (ARB) (P = .019), and use of aldosterone antagonists (P = .078). In this selected population, LVEF was not significantly associated with a risk of heart failure death by a univariate analysis (hazard ratio 0.96; 95% confidence interval [CI], 0.91 to 1.01; P = .124) and it was not included in the multivariate analysis. A stepwise regression modeling was used to identify factors associated with heart failure death. They were presence of NSVT, hemoglobin, and use of angiotensin-converting enzyme inhibitor (ACEI) or angiotensin II-receptor blocker (ARB), and hazard ratios determined by a multivariate Cox proportional-hazards regression model are shown in Figure 3 .
| DISCUSSION
The present study demonstrated, with analyses of the JCDTR database, a history of NSVT was associated with increased risk of heart failure death in patients undergoing a CRT-D implantation, whereas it was not a significant predictor of subsequent appropriate ICD therapies. In addition to NSVT, no use of ACEI/ARB and the lower level of hemoglobin were identified as predictors of heart failure death. It is important to adhere to the current GDMT, especially ACEI/ARB for reducing the mortality in heart failure patients receiving CRT-D.
CRT reduces mortality similarly in both ischemic and nonischemic cardiomyopathy, whereas a defibrillator function could prolong the long-term survival, especially of CRT recipients with an ischemic etiology for primary prevention of sudden cardiac death. 10 In a previous analysis of the JCDTR database, we identified four factors associated with CRT-D vs CRT-P implantation in heart failure patients without sustained ventricular tachyarrhythmias. 8 They were male gender, younger age, reduced LVEF, and a history of NSVT. In contrast to the COMPANION 11 and REVERSE 12 studies, no significant superiority of CRT-D to CRT-P, in terms of reducing the risk of death, was observed in a recent study of the JCDTR after adjusting the clinical variables. 9 This may be in part due to an incomplete adjustment of the study populations. For example, information regarding presence or absence of NSVT was missing in about 60% of the patients, thereby excluding it as a variable for the multivariate analysis. 9 The observation that the rate of appropriate ICD therapies was not significantly higher in CRT-D recipients with NSVT than in those without NSVT is not surprising, as most of the studies in heart failure patients reported that NSVT did not specifically predict sudden cardiac death or major arrhythmic events of sustained VT/VF and that low LVEF was the predictor of these events (Table 3) . 3, 4, 13 One of the important findings is that NSVT in patients with reduced LVEF represented the higher risk of heart failure death despite the presence of CRT and beta-blocker therapy with a rate of more than 70%.
This is in agreement that nonischemic CRT-D recipients with NSVT
in the MADIT-CRT study had an increased risk of the combined end point of heart failure and death, as compared with those without NSVT. 14 Moreover, in the study population of Sudden Cardiac Death in Heart Failure Trial (SCD-HeFT), rapid-rate NSVT identified in the ICD log was associated with a >4-fold higher risk of a subsequent first appropriate shock and a >2-fold higher risk of death compared with patients without NSVT. 15 MADIT-CRT patients with NSVT had a higher burden of premature ventricular contractions (PVCs), lower percentage of biventricular pacing, and less reverse remodeling.
14 These findings may explain the worse outcomes of CRT-D patients with NSVT, implicating the potential therapeutic interventions for the management of NSVT and PVCs in heart failure patients.
NSVT beyond 24-48 hours after acute myocardial infarction and/ or acute coronary syndrome is associated with the risk of cardiovascular death (Table 4) , [16] [17] [18] especially during the first 30 days after presentation. 16 The MERLIN-TIMI 36 study reported an interesting relationship between the rate of sudden cardiac death and the number of beats during NSVT for the first 7 days of non-ST elevation acute coronary syndrome (Table 4) . 18 In the DINAMIT 19 and IRIS 20 studies, prophylactic ICD therapy reduced arrhythmic and sudden cardiac death, but it did not reduce overall mortality in patients with a reduced LVEF (≦40% or ≦35%) and <40 days after a myocardial infarction. One of the enrollment criteria for the IRIS study was to detect NSVT on days 5-31 after infarction. Those studies concluded that the factors associated with arrhythmia requiring ICD therapy are also associated with an increased risk of nonsudden death. [19] [20] [21] Therefore, it is reasonable to consider that NSVT in patients with a reduced LVEF represents a sign of severe failing hearts. F I G U R E 1 Kaplan-Meier estimates for event-free survival in CRT-D recipients for primary prevention of sudden cardiac death with and without prior history of NSVT. Outcome events were death from any cause (A), heart failure death (B), sudden cardiac death (C), and noncardiac death (D). The mean follow-up period was 22 AE 12 months in the NSVT group and 19 AE 11 months in the No NSVT group (P = .078). A, The rate of death from any cause at 12 and 24 months was 12.8% and 19.8% in the NSVT group, and 7.1% and 12.1% in the No NSVT group (NSVT vs No NSVT, P = .074 by log-rank test). B, The rate of heart failure death at 12 and 24 months was 5.2% and 9.8% in the NSVT group, and 2.8% and 2.8% in the No NSVT group (NSVT vs No NSVT, P = .030 by log-rank test). C, The rate of sudden cardiac death at 12 and 24 months was 3.1% and 3.9% in the NSVT group, and 1.2% and 3.0% in the No NSVT group (NSVT vs No NSVT, P = .655 by log-rank test). D, The rate of noncardiac death at 12 and 24 months was 4.4% and 7.5% in the NSVT group, and 3.3% and 6.8% in the No NSVT group (NSVT vs No NSVT, P = .829 by log-rank test)
Event-free survival
Risk stratification of sudden cardiac death remains to be established among patients with relatively preserved LVEF (>40%).
Although the risk of sudden cardiac arrest was low (0.35% per year) in this population with preserved LVEF of >50%, 22 the absolute number of the victims was highest in the preserved LVEF category. 22, 23 It is interesting that NSVT was a predictor of sudden cardiac death in patients after acute myocardial infarction only when LVEF was >35%. 24 Similarly, in nonischemic dilated cardiomyopathy after optimization of medical treatment, NSVT was associated with a higher risk of major ventricular arrhythmias if LVEF was >35%, but not if LVEF was ≦35%. 25 NSVT in combination with other noninvasive evaluations, such as late gadolinium enhancement, 26 periodic repolarization dynamics, 27 and multiple 12-lead ECG parameters, 28 might identify patients at risk of sudden cardiac death with preserved LVEF.
The second version of JCDTR is now under construction in the ICD Committee of the Japanese Heart Rhythm Society (JHRS), and it will be updated within a year. With voluntary efforts by members of the JHRS, we hope the next generation of JCDTR will be able to provide firm and further evidence of Japanese patients.
| Study limitations
There are several limitations to be considered in this study. First, it is not known how and when the history of NSVT in each patient was determined. Occurrence of NSVT depends on the duration of ECG recording time and the clinical setting. For example, NSVT identified in hospital, compared with that identified out-of-hospital, was associated with a higher risk of mortality. 29 Second, the number of events may have been small for adjusting the large number of clinical variables for the proper multivariate regression analysis. Third, the ICD programming was left on the discretion of each attending doctor and appropriate ICD therapies included both shock and antitachycardiac pacing. Programming of ICD therapies affect all-cause mortality during long-term follow-up and is also associated with occurrence appropriate antitachycardiac pacing. 30 Fourth, information with regard to the percent biventricular pacing is lacking in the JCDTR database. The mortality benefit was associated with an increasing percentage of biventricular pacing in CRT recipients. 31 
| CONCLUSION S
The present study demonstrated that a history of NSVT in CRT-D recipients for primary prevention enrolled in the JCDTR was associated with a higher risk of heart failure death, but with a similar rate of appropriate ICD therapies, as compared with no prior history of 
